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ABSTRACT 


This study obtains evidence for the effect of time 



of day on learning in a stressful situation, A series of five 
experiments were performed to assess the effects of this variable on 
learning using albino rat subjects. None of the experiments provide 
overwhelming evidence for the effect of time of day when taken alone 
and each leaves questions which can only be answered by empirical 
test. However, as a group they seem to indicate that time of day does 
play an important role in learning in a stressful situation. Host 
forms of motivation such as fear of failure in a classroom or fear of 
shock in the laboratory are aversive or stressful in the Thorndikian 
sense of an annoying state of affairs which the organism will avoid 
or minimize. If the comparison holds, then although the effect would 
vary in its specifics, time of day might also influence human 
learning under stress. (Author) 
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Summary : The purpose of thi.s research was to obtain empi.ri.cal 

®vj-^6nce ror the erfect or time of day on learning in a stressful situation. 

There is a growing body of literature that seems to indicate that much of 
our daily behavior is superimposed against regular circadian fluctuations. 

Therefore, a series of experiments were performed to assess the effects of 
this variable on learning using albino rat Ss 

Experiment I employed a minimum of six shock intensities in an ascending 
method of limits. The rat ^s were required to move to one end of a cage to 
avoid the shock. The dependent variable was percent avoidance. The results 
indicated that these ^s were more likely to avoid even minimal stress at 
night than during the light times of day. Experiment II involved a simple 
bar press escape task similar to a study by Osborne (1967) which had seemed 
to suggest that time of day may have been a relevant variable in the acquisition 
of the bar press escape response. The results provided no evidence for the 
effect of time of day on learning. Hov/ever, the apparatus and procedure were 
sufficiently different to make comparisons between this experiment and the 
previous Osborne study difficult. Experiment III involved learning a hurdle- 
jump response in the presence of classically conditioned fear stimuli. ^ 

Although there were certain undesirable experimenter effects, the data indicated ' 
a very regular effect of time of day. Performance was superior at night and 
inferior during the day. Experiment IV was a preliminary study using a one- 
way avoidance technique. The small number of S_s and high intersubject variability | 
precluded statJ.stJ.cal signif j.cance, however, these results also suggested i 

superior performance for the evening and night hours. Experiment V measured ! 

activity levels of the ^s in a running wheel as a function of time of day. 

The^results were consistent with the literature and indicated much greater 
activity at night than during the day. 

None of the experiments provj.de overv/helmj.ng evidence for the effect of 
ti.me of day when taken alone and each leaves questions which can only be 
answered by empirical test. However, as a group they would seem to j‘.ndicate 
that tj*.me of day does play an j'.mportant role j.n learning j*.n a stressful 
situation. Most forms of motj'.vation such as fear of faj'lure j*n a classroom 
or fear of shock j*.n the laboratory are aversive or stressful j*.n the Thorndj*.kj*.an 
sense of an "annoyj'.ng state of affairs" which the organism will avoj'.d or 
attempt to mj‘nj*mize. If the comparison holds, then although the effect would 
probably vary j*.n its specifics, tj*me of day mj*.ght also j'.nfluence human learnj*.ng | 

under stress as well. I 
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I Intrcdubt5 on ; The purpose of thi.s research project was to obtain 

I eirpi.rical evidence for the effect of time of daj'^ on learning in a stress- 

I ful situation. It has been said that learning is the key process in 

\ human behavior. Learning influences to some degree the language we speak, 

I our customs, attitudes and beliefs, goals: in short, learning influences 

[ essentially all of the behavior displayed by the human organism. A goal 

; of psychology since Ebbinghaus, has been to uncover and evaluate the role 

of different vari.ables on the learning process. One variable which has 
received much attention because of its significant role in behavior has 
bean the effect of motivation. 

Most of the work involving motivation has dealt wi.th positi.ve drives 
and rewards. This work has ranged from basic laboratory studies utilizing 
lower animals such as rats and their reaction to hunger and food deprivation, 
to more educationally applied studies involving children in the classroom 
working for positive rewards such as praise, cand^s extra privileges, etc. 

One aspect of motivation which has received less attention has b’een the role 
of negative drives and rewards. 

By far the most common method to study the effect of "negative 
reinforcement" on the learning process, has been to use electric shock. 
Typically, shock has been used either for punishment in a passive avoidance 
situation or a motivator and reinforcer in active avoidance or escape 
situations. The use of electric shock seems at first glance, far removed 
from the classroom. Hov/ever, if it is assumed that electric shock is 
merely one possible source of stress which the organism is likely to 
encounter, the remoteness from practicality diminishes considerably.. Most 
situations in life are influenced by one form of stress or another. Indeed, 
success in the school, home, or community is usually a measure of how well 
• we have managed to cope with the stresses we have found in these situations. 
When we wi^.sh to study learning, motivation, and behavior under strictly 
controlled conditions, electric shock is the most frequently employed 
stressor because of the great precision and control we can exert over this 
variable . 

A second variable which has received little attention in the 
exploration of factors affecting behavior and especially learning, has 
been the effect of circadi.an rhythms (i. e. rhythms with a recurrent cycle of 
approximately twenty-four hours). Most organisms (including man) are 
sensitive to daily light-dark and temperature cycles. Most organisms 
display daily physiological and behavioral cycles locked into these 
environmental cycles. For example, it has been shown that rats 
(who are normally nocturnal animals) display cycles of activity, food and 
water" consumption, etc., which are at a maximum during the dark cycle 
and a minimum during the light cycle. Similarly, mice have been shown to 
display differential reactivity to stress as a function of time of day. 

For example Pizzarello, Isaak, and Chuse (1964) have shovm that mice 
were more susceptible to whole body x-irradiation during the dark cycle 
as indexed by an increase in mortality rate to radiation at night. 
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However, variation in physJ.ologJ.cal reactivity does not necessarily 
mean that more integrated activity such as learning is influenced by 
circadian rhythm. Unexpected evidence for the effect of tijne of day on 
escape responding was found in a recent master ^s thesis by Osborne (1967). 
in this study , ^s were traj.ned to bar press to turn off shock of different 
mtensj.ties in a simple escape situation. Three groups received constant 
shock intensities (0.6, 1.3, or 2.0 ma.) and two groups received regular 
or random alternated intensities (0.6 and 2.0 ma.). Individual Ss were 
given 6 trials per day for 11 days at the same time each day. The £s were 
run hourly from 8 a.m. to 6 p.m. with all groups represented equally each 
hour. Examination of the data in two hour blocks indicated that performance 
for the £s receiving constant shock intensities was best early (8 and 9 a.m.) 
and late (4 and 5 p.m.) in the day and poorest in the middle (12 and 1 p.m.) 
of the day. It should be noted that this study was not designed to assess 
the effect of time of day and only had one animal from each group at each 
time of day. However, the magnitude (the speed scores were at least twice 
as good for the constant intensity groups early and late in the day) and 
the regularity (the 10 and 11 a.m. and 2 and 3 p.m. groups were intermediate 
in performance) of the effect suggested that further investigation of the 
effect of time of day on performance was v/arranted. 

Therefore, the major emphasis of our research for the past year was 
to obtain empirical evidence for the effect of time of day on the respons- 
iveness to stressful stimulation and to determine what effect this would 
have on the learni.ng process. 

The original outline of the project proposed three different tasks 
designed to assess the effects of time of day on aversive learning, which 
were to range in complexity from simple threshold determination (Experiment I, 
avoidance threshold), primary reinforcement (Experiment II, escape learning) 
using offset of pain as reinforcement, to secondary reinforcement (Experiment 
III 5 fear conditioning) using fear reduction as reinforcement. However, 
procedural and methodological difficulties dictated two additional experiments 
which wersj necessary for clarification of the results. Experiment IV involved 
a simple one-way avoidance task and Experiment V measured activity as a 
function of time of day. 

Experiment I, Avoidance Threshold 

Studies which have found circadian effects have generally examined 
simple behavior such as activity, consummatory behavior, and basic 
physiological phenomena. Therefore, the first experiment on this project 
was designed to determine whether the detection of a stressor (i. e. 
eJ.e.ctri.auSho,ck ) would vary, as a..f unction of the time of day the stress was 
jsxper ie’nced . A simple and objective technique for measuring aversion" 

*. threshold was used (adapted from Campbell and Teghtso6nian,»l958) which 
. involved presenting several intensities of electric shock, ranging from below 
to above threshold strength. The dependent variable with this technique was 
the percentage of time ^ experienced the shock. It was assumed that if S 
could not detect the shock or did not find it aversive, ^ would remain on 
the shock side of the apparatus about 50 percent of the time (i. e- the percent 
time expected by chance). The response necessary to escape the shock was 
intentionally simple to minimize learning effects. 
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Method : Subjects: The subjects were 16 male alb5.no Wi.star rats 

supplied by Harlan Industries of Cumberland, Indiana. The ^s were 
approximately 100 days old at the start of the experiment and weighed 275 
25 grams. During the course of the experiment Ss were housed individually 
in cages which were isolated in living cubicles (1 cubicle per ^). The 
^s were allowed food and water ad lib. Food, water, and cage care were 
administered only after the £s had been run. Therefore, Ss were not disturbed 
by general laboratory routine. The £s were maintained on~a 12 hour light- 
dark cycle with the^onset of light coming at 8:30 a.m. and the offset 
com.ing at 8:30 p.m,. The light in the experimental cubicle was program.med 
to turn on and off with the living quarters, however, the short inter- 
connecting corridor was lit at all running times and provided sufficient 
light for ^s to transport ^s from, their home cages to the experimental 
cubicles . 

Apparatus : Preliminary testing Indicated that the lowest range 

(50 uA) of a standard Grason Stadler shock generator and grid scrambler, 
was above threshold. Therefore, the shock generator was modified to deliver 
four additional shock intensities of 14, 18, 23, and 31 uA. The shock was 
delivered to the ^s through the grid floor of a Lehigh Valley rat shuttle 
box located in the adjacent experim.ental cubicle. Shock was program.mied and 
regulated by means of additional relays, tape programmer, and switches. 

Shock duration was measured to the nearest .01 second on two Industrial 
Timer stop clocks. 

Procedure : The ^ was removed from his home cage and placed into the 

shuttle box in the experimental cubicle within 15 minutes of each of the 
eight times of day. A single ascending series of shock Intensities was 
used consisting of 14, 18, 23, 31, 50 and 60 uA in that order. Each 
intensity was administered for 10 minutes in which the ^ could shut off the 
shock by moving to one side of the shuttle box. If ^ returned the original 
side, the shock was resum.ed. The stop clocks were used to measure the cum- 
ulative tim.e ^s received shock in each of five 2 minute intervals for a 
total of 10 minutes. At the end of the 10 minute period the shock was 
automatically shut off if ^ was receiving it at the timie. The intensity 
was increased one setting and a nev; 10 minute interval was begun. If ^ 
was on the safe side at the beginning of the interval, the’ safe side was 
switched such that ^ would have to move to the other side to turn off the 
shock. The rationa.le behind this procedure w^as that if the shock Intensity 
was below threshold, ^ would be in the safe and shock side equally often 
Ci. e. 50% of the time for each). However, as the shock reached threshold ^ 
would tend to spend more and more tim.e in the safe side. The session was 
terminated after the sixth Intensity (60 uA) if £ had avoided the shock 
side for 95% of each of the„last..-4 m.inute periods for the last two -shpck' 
-ihtensi.-ties (I. e. 50 and 60 uA-)'.- If'£ had not met this; .critpri.oPo 
intehsities were increased ever 3 ^ 10 minutes until the S did successfully . . 
avoid at least 95% of the time in the last two 4 m.inute periods.. Additional 
intensities used were: 80, 100, 130, 160, 200, and 250 uA. Half of the 

16 £s were randomly assigned to each of the 4 experim.enters. Each .S-E 
combination w^as assigned to one of the eight starting times for 
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session 1, Following this, each was run 27 hours later by the same 
until _S had received 9 sessions which consisted of each of the eight times 
of day and a replication of the first time of day. Although the avoidance 
response involved was very simple (moving from one end of a cage to the 
other), the first session was considered a training session and only the 
last 8 sessions were evaluated to minimize the effects of learning. The 
remaining 8 ^s were similarly assigned following completion of the first 
8 ^s and the procedure repeated. 

Results: The percentage scores were analyzed by means of a treatments 

by treatments by subjects analysis of variance (Winer, 1962. Pp. 289-290). 

The eight times of day were one treatment and six shock intensities (14, 

18, 23, 31, 50, and 60 uA) were the second treatment.^ Although the 
effect of time of day failed to reach significance (^=1.78, df=7/105, 

P=*lo)j shock intensity = 20.61, ^ = 5/75, p .ol) and the interaction 
'Fetween shock intensity and time of day (_F = 1.'92, ^ = 35/525, p<.01) were 
statistically significant. Figure 1 presents percent avoidance *as a function 
of shock intensity for each of the eight times of day. Inspection of this 
figure reveals the interaction between intensity and time of day is com- 
plex. If it is assumed that 50 percent avoidance is the level of avoid- 
ance expected by chance, then all eight times of day exceed 75 percent 
avoidance (i. e. the aversion threshold) with the greatest shock intensity 
(i. e. 60 uA). However, lower shock intensities vary in their effect. The 
pattern of behavior suggested by the figure is that avoidance decreases 
with increasing shock intensity for the first few intensities and then avoidance 
increases for the 10 a.m. , 1 p,m., 4 p.m., and 7 p.m. times, while avoidance 
is nearly directly proportional to shock intensity for the 10 p.m., 1 a.m., 

4 a.m., and 7 a.m. running times. Figure 2 illustrates this point much more 
clearly. In this figure the four times from 10 p.m. to 7 a.m. and 10 a.m. 
to 7 p.m. are averaged into separate "dark" and "light" curves. Therefore, 
it would appear that although aversion threshold as operationally defined 
by the shock intensity avoided 75 percent of the time^ does not differ 
substantially for the different times of day, the behavior displayed at 
lower intensities does differ during the dark versus the light periods. 

Conclusions: The major result of this experiment was that there was 

s difference in behavior displayed by the same ^s at lov; shock intensities 
as a function of time of day. In general the results indicated that perform- 
ance was poorer (i. e. less avoidance) during the light hours than the dark 
hours. The rat has two main natural reactions to a stressful situation: 
one is to freeze or remain immobile and the other run and escape. The 
above results suggest that the rat is more likely to use the former during 
the day and the latter at night. This does not necessarily mean that he 
is less able to detect a stressful stimulus during the day, only that his 
performance in terms of avoiding the situation is different. 
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Figure 1. Percent avoidance as a function of shock intensity for each of the eight times of day. 




SHOCK INTENSITY (IN uA) 



2. Percent 3voi.dance as a functi.on of shock intensity for the 
daily dark and light periods. 



Experiment II. Escape Learning 

The second experiment was designed to replicate, in part, Osborne *s 
earlier (1967) escape study which had suggested a possil>le variation in 
escape performance as function of time of day. Basically the technique 
involves presenting electric shock which can be terminated by ^s pressing 
a lever (i. e- bar press escape response). 

Method : Subjects: The ^s were 128 male Albino Wistar Rats randomly 

assigned to the experimental condi.tions and were approximately 100 days 
old at the start of the experimient. The sam.e living conditi.ons were 
used including light- dark cycle and experimental cubi.cle as in Experiment I. 

Apparatus : A standard Grason Stadler shock generator and gri.d 

scrambler was used to deliver high (1-0 ma) or low (.5 ma) shock to Sfe 
feet through the grid floor of a Lehigh Valley rat shuttle box located in 
the adjacent experimental cubicle- A Gerbrands rat lever was mounted at 
one fend of the shuttle box and programmed to turn off the shock when S 
presses it-^ The same programming and timing apparatus was used as in"~ 
Experiment I. 

Procedure : The ^ was removed from his home cage and placed into the 

shuttle box in the Experimental cubicle within 15 minutes of each of the 
eight times of day. A single £ was used at only 1 time of day and 2 
shock i.ntensities for a toSal of 128 ^s- Sixty seconds after placement in 
the apparatus the shock was turned on and remained on until the ^ pressed 
the bar. Fifteen trials per day with an intertrial interval of 60 seconds 
were given for 4 consecutive days at the same time of day for a total of 
60 trials. 

Results : The latency scores were transformed into speed scores 

(reciprocals) and analyzed by means of a 2 x 8 factorial analysis of 
variance in which the tvio shock intensities and the eight times of day 
were the factors. The effect of shock intensity approached significance 
(F^ = 3.23, 1/112, -05<p^<^.10). No comparison (including time 

of day) achieved significance. 

Conclusions : The results of this experiment did not provide evidence 

for the effect of time of day on learning of an escape task. Hov/ever, 
there were several methodological differences between this and the earlier 
Osborne Cl967) study which may have accounted for this. For example, the 
differences in test apparatus , massing of trials , etc . , may have impeded 
learning. and obscured the differences which might have existed in per- 
formance as a function of time of day. 
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Use of the shuttle box' which is larger than most operant conditioning 
chambers, has movable floor, etc., was necessitated by the unavailability 
of a standard operant chamber - 

^The individual scores on which the analysis was performed appear 
in Appendix B. 
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Experiment III. Fear Conditioning 



Originally, i.t had been planned to use a bar press avoidance task 
to study secondary reinforcement as a functi.on of time of day. However, 
since an operant conditioning chamber was unavailable, i.t was decided that 
fear condi.tioni.ng would serve the same purpose. This procedure consists 
of pairing some previously neutral stimulus (CS) wi.th inescapable electric 
shock (UCS) in a typical classical conditioning paradigm. Following 
conditioning ^ is allovred to escape the CS by jumpi.ng to another compart- 
ment (hurdle- jump response). It is assumed that the procedure condi.ti.ons 
an emotional fear response to the CS which provides the motivation for 
learning the instrumental jump response even though shock is no longer 
encountered in this phase of the procedure. 

Method: The ^s were 48 naive male albino rats v/i.th the same age, 

weights, supplier, and living conditions as Experiment I. The light-> 
dark cycle v/as altered slightly to light onset at 8 a.ra. and offset at 
8 p.m. Because the nature of the experiment required ^s to be handled 
each trial in the hurdle- jumping phase, a dim (60 \i) light was maintained 
in the experimental cubicle at all times. 

Apparatus i A Lehigh Valley rat shuttle box was modified such that 
the standard center partition insert containing a three inch diameter hole, 
was equi.pped w;.th a vertically slidi.ng guillotine door and miscroswitch, 
and served to divide the box into tvra compartments. Opening of the door 
turned on the combi.nation light and sonalert CS in the hurdle-jumping 
phase of the experiment. Further modifications of the shuttle box included 
replacement of the plastic lid with two vraoden doors covering each of the 
two compartments formed by the center partition. Black electrical 
tape was placed on the two end walls of the shock compartment and -a plastic 
floor installed over the grids of the safe compartment to make these two 
compartments discri.minably different. A Grason Stadler shock generator 
was modi.fi.ed so that a vari.able autotransformer provilded a 145 VAC scrambled 
shock input through a IIK ohm resistor to the grids of the shock compart- 
ment. The purpose of altering the shock source from a constant current 
to a matched i.mpedence source (see Cornsv/eet, 1963) was to minimize the. 

^s learning some sort of freezing response which might compete with the desired 
hurdle response. The 145 VAC input was chosen on the basis of preliminary 
work indicating that this voltage eli.cited about as much activity from the 
^s as the 1.0 ma shock input used in the escape learning task. Shock was 
programmed and regulated by the same apparatus as used in the earlier studies 
and response latencies measured by the same stop clocks. 

Procedure : A given ^ was run for four consecuti.ve' days at. the. same: . . 

time_,of day with either forvrard conditioning (FC) in which the light -sohalert 
CS preceded the tv7o second shock (UCS) by four seconds and terminated with 
the UCS, or backv;ard conditioning (BC) in which the CS came on for six seconds 
immediately following the offset of the two second UCS. The purpose of the 
two conditioning groups was to assess the effectiveness of the CS. However, 
it should be noted that the shock box itself was a powerful CS. 

Day one consisted of handling for twenty minutes and exploration of 
the shuttle box for twenty minutes. Day two was the initial condJ.ti.oning 
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day on whf.ch each £ received twenty FC or 3C trials. Day three started 
five additional conditioning trials followed by twenty-five hurdle- 
jumping trials in which £ was placed in the shock compartment facing the 
guillotine door. Ten seconds later, the door was opened, causing the CS 
to turn on simultaneously. If ^ jumped to the safe compartment, the 
CS was automatically turned off and the door closed. If ^ failed to jumn 
within sixty seconds, the door was closed and he was placed in the safe ^ 
compartment by in either case, ^ remained in the safe compartment for 
thirty seconds before he was replaced into the shock compartment for the 
beginning of the next trial. Day four consisted of twenty-five addi.tional 
hurdle- jumping trials. 



Three ^s each ran a squad of four randomly assi.gned 
St each or four times or day (5 a.m., 12 noon, 6 p.m., and 12 midnight) 
for a total of 48 ^s . The ^s x-/ere run in a counterbalanced conditioni ng 
order (FC, BC, BC, tC) and the starting times adjusted so that the average 
starting time for the squad corresponded to the nominal times noted above. 

The dependent varj.able v;as the latency of the hurdle- jump response and the 
independent variables were time of day, type of conditioning (FC vs. BC), 
and the three experimenters. 

Results : The latency scores vrere converted to speed scores (i. e. 

^sciprocals of latency ) and the data analyzed by a trend analysis of variance 
with experimenter , condj.t j oning , and time or day as betvreen Ss factors and 
ten blocks of five trials as the repeated measure.^ The main effects of 
time of day (F = 4.21, ^ = 3/24, p^<.05) and trials (F = 28.25, ^ = 9/218, 
£<.01) were significant as was the effect of experimenter (F = 6.55, 
df = 2/24, p^<.01). Three of the interactions involving trials were also 
significant at the .01 level: trials by experimenters (F^ = 5.15, df = 13/216); 

trials by conditioning . (^ = 2.72, df = 9/216); and trials by experimenters 
by time of day (^ = 2.40, df = 54/216). The trials by experimenter inter- 
action represented the tendency or one Es Ss to display less learning over 
trials. The trials by conditioning interaction indicated that the FC group 
was actually poorer than the BC group at least on the early trials. Obser- 
vation of the £s during the experiment suggested that the FC ^s tended to 
freeze at the onset of the CS, which vrould compete vrith the jumping response, 
while the BC ^s tended to remain more mobile during the CS^vrhich was a kind 
of safety signal for these ^s. 

Of greater interest, for our purposes, v;as the effect of time of day. 
Figure 3 presents the mean reciprocal of latency scores for each of the 
four times of day as a function of trials on each of the tv;o hurdle -jumping 
days. Inspection of the figure reveals a regular increase in performance over 
trials on the first hurdle- jumping day; reflecting learning. The scores on 
the second day dropped slightly probably because shock v/as no longer present. 



^The indivi.dual scores on which the analysis v;as performed appear in 
Appendix C. 
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Fj.gure 3 * Mean reciprocal of latency scores for each of the four ti.mes of day as a functi.on 
of trd.als on each of the two hurdle jumping days. 



resulting in scir.e extinction. However, the regular ordering of the four 
time of day groups is very str5k5.ng following the initial trials. Figure 
4 summarizes this even more clearly> where overall performance is presented 
as a function of tijr.e of day. Inspection of Figure 4 i.ndi.cates that 
performance is best at 6 p.m. and poorest at 12 noon with the 12 midnight 
and 6 a.m. points falling betv/ean. 

Conclu sions : Although some experimenter effects tend to obscure the 

results, it would appear that the learning of a secondarily reinforced 
(i. e. fear reduction) hurdle- jump response varied as a function of tim.e 
of day, with learning superior at the 6 p.m. and 12 midnight times and 
inferior at the 6 a.m. and 12 noon times. These resuJts are consistent 
with Experiment I where it was found that avoidance of a m.inimal shock 
was greater in the dark hours than the light hours. Unlike Experijnent I, 
these ^s were run in the light at all times making the mere presence or 
absence of light less likely an explanation of the effect and suggests 
the possibility of some sort of i.nternal "biological clock" as suggested 
Bolles and de Lorge (1962). However, the existence of experimenter 
effects and the interaction of this variable v/ith time of day permits 
only tentative interpretation of the data. 

Experiment IV. One-Way Avoidance 

One type of simple avoidance task which was possible v/ith the 
shuttle-box was a one-v;ay avoidance task. Since the avoidance paradigmi 
includes elements of both the escape and fear conditioning paradigms, 
it was decided to run a preliminary investigation involving one-way 
avoidance . 



Metho d : Subjects.' Tv/enty-four naive albino Wistar rats were used 

vii.th six Ss run at each of four times of day (6 a.m., 12 noon, 6 p.m., 
and 12 midnight). The living conditions, cubicles, light-dark cycle and 
apparatus were the sam.e as in Experiment III (except that the plastic 
covering for the safe ccmpartm.ent grids was omitted). 

Procedur e : Prior to avoidance training, each ^ was handled for 

twenty minutes and allowed to explore the apparatus for tvrcnty minutes. 
Avoidance training consisted of placing the ^ in the shock compartment, 
and the guillotine door- opened causing the onset of the CS. If ^ did 
not jump within five seconds, the shock would come cn and rem.ai.n on until 
^ terminated both the shock and CS by jumping into the safe compartm.ent . 

A jumping response to the CS alone is termed an avoi.dance response and 
a response to the shock - CS combination, an escape response. The inter- 
atrial: intrerval was thirty seconds.. and,.each. ^ received tv7£nty..triali^^or v/as 
...run. ■unS 5 *.d:ihe achieved a criterion ;of. ten. consecutive avoidance; response?^ 
"'whichever was longer. If an' S-'did not achieve, criterion wi.thi.n 50 ■' 
trials'^' S-* was terir.i.nated and arbitrarily assigned a trials to criterion- 
score of fifty-one. 
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Figure 4-. Mean performance on a fear conditioning task as a function of time of day. 



Results and Conclusions : The trials to criterion scores and the 

; number of avoidance responses in blocks of five trials for the first 
- twenty trials were evaluated by separate analyses of variance. No 
; comparison i.nvolving time of day attained statistical significance. 
Examination of the data i.ndicated a trend for the 6 p.m. and 12 mid- 
night groups to display superior performance over the 6 a.m. and 12 
noon groups. However, the low number of ^s and large variability between 
^s tended to obscure any effect. Also, further testing indicated that 
Emitting the plastic floor on the safe compartment grids was probably 
responsible for the generally poor performance. Therefore, before any 
conclusions concerning the presence or absence of an effect of time of 
day on performance in a one-vjay avoi.dance task, the experiment vrould 
have to be repeated with a greater number of ^s and with more perceptually 
di.stinct shock and safe compartments . 

Experiment V. Activity Measures 

The final experiment undertaken was the assessment of activity as 
a function of time of day.^ The purpose of this experiment was two- 
fold: first to set the activity cycle of our Ss against what had been 

found in the literature; and second, to determine vjhether the times we 
had been sampling were optimal in terms of the activity cycle. 

Method: Subjects: The ^s were 8 nai.ve male albino Wistar rats 

similar to the Ss used in the preceding studies. One ^ vjas discarded 
because of apparatus failure, leaving a total of 7 ^s. The light-dark 
cycle remained at 8 a.m. - 8 p.m. light, 8 p.m. - 8 a.m. dark as in 
Experiments IV and V. 

Apparatus and Procedure : Eight Standard Lafayette Instrument 

Company activity wheels weipe used, complete with living compartments 
and mechanical counters. Sufficient food and vjater was placed i.nto the 
living compartment to last the entire 41/2 days of the experiment and 
minimize disruption of the ^s. The counter readings were recorded 
every 6 hours for the first 2 1/2 days until the activi.ty cycles had 
stabilized, follovjing which the counter readings vjere recorded every 
3 hours (2 a.m., 5 a.m., 8 a.m., 11 a.m., 2 p.m., 5 p.m., 8 p.m., and 
10 p.m. ) . 

Results and Conclusions : Figure 5 presents the mean percent daily 

activity as a function of time of day. Inspection of this figure reveals 
that activity vjas lovjest during the day and increased many-fold at ni.ght. 

The inversion at 8 a.m. is interesting because it ind5cal;ed an increase in 
actiyXty_ in anticipation of the_li.ght, onset (i. e.-8 a.m^). Sim.ilarly, 
the.. 8^p.m... activity level indicates an increase in anticipation of the light 
offset (i. e. 8 p.m.). 



in 



®The indivi.dual scores on which these analyses were performed appear 
Apj^endix D. 



This experiment should . probably have been performed f5.rst in the 
series, however, the equipment and facilities were not available until late 
in the project. 
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Figure 5. Mean percent dally acti.vlty as a funct5.on of tf.me of day. 



In general, the data agree v;ith the literature, indicating the not 
auprising fact that the £s were more active at night. However, the times 
chosen for the previous studies (especially Experiments III and IV) did 
not coincide too well with the maxima and the minima of Figure 5. For 
example, the 5 and 11 a.m. times resulted in roughly equivalent activity, 
while the 5 p.m. time indicated less and the 11 p.m. time indicated greater 
activity than the 5 and 11 a.m. times. Recalling that the 5 and 11 p.m. 
times produced performance superior to the 5 and 11 a.m. times in Experiment 
III, it would appear that activity levels were not directly responsible 
for the differences in performance. 

Conclusions and Recommendatio ns : To summarize, five experiments 

were performed whi.ch were designed to measure the effect of time of day on 
performance of various tasks by white rats . Four of these experiments 
involved the use of an aversive or stressful stimulus (i. e. electric shock). 
The tasks ranged in complexity from simple aversion threshold and acti.vJ.ty 
determination (Experiments I and V), the learning of more complex escape 
response in the presence of a more severe stressor (Experiment II), to the 
learni.ng of an instrumental response to remove fear provoking stimuli 
(Experiments III and IV). Although the results frequently lacked statistical 
significance, the body of evidence indicated that performance, whether 
simple activity or more complex learned responses, was superior at night 
for these normally nocturnal animals. 

Experiment I i.ndicated that ^s were more likely to avoid even mini- 
mal stress at night than during the light. The mild threshold shock used 
in this experiment resulted in "freezing" behavior during the light hours, 
such that ^s received an even greater duration of shock than would be 
expected by chance. There were tv;o possible explanations of this behavior 
which would not require any particular appeal to circadic response to stress . 
One involved the fact that the tendency for freezing behavior was generally 
observed when ^s performed under light conditions and avoided more readily 
under condition of darkness. If it is assumed that rats, as with many 
animals, have tv;o natural competing responses to stress; running or freezing 
(i. e. playing "possum") and that the freezing response ml.ght be more 
practical during the day when a "poorsighted" animal (such as the rat) 
would be more vulnerable, then the results of Experiment I would not 
indicate differential performance , only different response tendencies . 

However, later experiments in which £s were all run in light conditions also 
showed a decrement during the normally light hours (Experiments III and IV), 
indicating that the mere presence or absence of light may not 
be enough to account for the results. A second possibility was indicated 
by the activity experiment in v;hich activity levels were found much lower 
during- the* day than at night. :: It is possible that- with the pfoc.edur.es used - . 
in Experiment' I, lowered activity might result in apparently' p.ooref perfor-. f . 
rnance during the day and conversely, heightened activity produce superior 
performance at night. However, although percent avoidance at most intensities 
was greater at night, there was no difference between times of day at the 
lowest level of shock (i. e. 14 uA) indicating that responsiveness to the 
shock stimulus, rather than activity was being measured in Experiment I as 
a function of time of day. 
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Experiment II, which involved an escape task, provided no evidence for 
the effect of time of day on learning, unlike Osborne (1967) earlier 
study. However, the apparatus and procedure employed were substantially 
different (e. g. shuttle box versus an operant conditioning chamber) which 
may account, at least in part, for this discrepancy in results. 

Experi.ment III used a fear conditioning and hurdle- jumping technique. 
Although there were certain undesirable experimenter effects, the data 
indicated a very regular effect of time of day. Performance was superior 
at night and inferior during the day. Fear conditioning has a methodological 
advantage over most avoidance procedures in assessing effects on secondary 
negative reinforcement, in that performance in the instrumental learning 
stage is not confounded with primary drive effects (i. e. shock is no longer 
present in the hurdle- jumping stage). The presence or absence of li.ght 
was controlled in this experiment by testing all Ss under conditions of 
light. Also, performance on this task did not necessarily correlate with 
the activity levels measured in Experiment V, at least at the specific 
times tested. Therefore, it would appear that this experiment provided 
good evidence for the possible operation of some sort of '‘biological clock" 
mechanism (see Bolles^S De Lorge, 1962; Biological Laboratory, 1960) 
affecting the learning of a task at different times of. day However, none 
of the experiments actually place the effect of time of day in a neat 
package. Each of the experiments described above leave questions which can 
only be answered by empirical test . 

Educational Relevance of the Research: One major aim of this research 
has been to gain a greater understanding of the action of circadic effects 
on the complex task of learning and to suggest the possible role this 
variable may play in human learning as well. It is alv/ays presumptions and 
perhaps dangerous to overgeneralize from animal to human research. However, 
as Miller (1959, p. 204) has noted, one aspect of animal research is to 
determine what questions are relevant for human research. In general, 
animal research affords much greater control of potentially relevant variables 

For example, Jennings (1969) attempted to assess the effect of class 
time on student performance. Ten sections of an introductory economics 
class were taught at different times of day ranging from 8:55 a.m. to 
3:10 p.m. and in two or three class meetings per week (i. e. MWF: Monday- 
Wednesday - Friday; TT: Tuesday - Thursday; TTS: Tuesday - Thursday - 
Saturday). However, the four instructors who taught the classes were 
partially confounded with time of day and days the sections were offered. 

Also, although the ten sections were reasonably similar in terms of their 

.mean.:gcade.. point averages at the_beginningi. of the semester, wS^tudents:.were _r. 

;ho,t ..randomly assigned to sections which may well have introduced, uricbntrolledl 



It should be noted that the statement, "time of day may have an 
effect- on behavior.," is not meant to imply that time per se effects 
behavior. Obviously, time, as such, can have no effect. However., certain 
mechanisms, physiological and psychological, may vary concomittantly with 
time and produce the effect noted. 
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systematic variation between the sections other than time of day and day of 
week. To Jennings’ credit, he recognized most of these shortcomings of his 
study and in the typ5.cal practical setting of the University curriculum, 
most of them v/ould be difficult to control. The only statistical differences 
Jennings found v/as between the TTS sections and the remaining sections 
(TT - p.m., M'JF - p.m., and MWF - a.m.) in which the TTS section was 
significantly poorer. 

A better or at least more rigorous method to control for some of the 
deficiencies in the Jennings ’ study would be to establish a pool of Ss 
available over a broader range of times. Randomly assign these Ss to" 
various times, and using material controlled for difficulty, metTTod of 
presentation, etc., assess the similarities and differences in learning 
and retention at different times of day. 

There are several recent studies which have indicated circadian 
effects on man’s performance in a variety of tasks. Blake (1967 a) found 
that his ^s improved in performance on five choice, vigilance, card sorting, 
letter cancellation, and calculation tasks, and that digit span decreased 
as a function of time of day. Blake (1967b) also found circadian differences 
in body temperature as a fusiction of an introversion-extroversion measure . 
Thor (1962) also found differences on a time estimation task as a function 
of time of day. 

Learning economics in the classroom may seen far removed from electric 
shock in the rat laboratory, but throughout most of this report, we have 
been careful to use electric shock as an example of one type of stressor. 

As others have pointed out (e.g. Selye, 1956; Mowrer, 1960), most forms 
of motivation such as hunger, thirst, fear of failure in a classroom, 
or fear of shock in the laboratory are aversive or stressful in the 
Thorndikian sense of an ’’annoying state of affairs" v/hich the organism 
will avoid or attempt to minimize. If the comparison holds, then although 
the effect would probably vary in its specifics , v/e might v/ell expect 
time of day to influence human learning under stress as v/ell. 
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